The effects of age on lipogenic and lipolytic activities in several breeds of swine were investigated. Females from a contemporary line and genetically selected populations of lean and obese pigs were utilized. Subcutaneous adipose tissue samples were taken from the shoulder area of nonfasted animals at 28-day intervals from 3 to 6 months of age for determination of in vitro lipogenic, lipolytic and acetyl CoA carboxylase activities. There were no significant differences between the breeds in the in vitro lipogenic rates measured in tissue slices with 14 C-glucose as substrate, except at 6 months of age, when the rate was higher in the obese than in the lean animals. However, the trend each month was obese> contemporary> lean. Lipogenic activity was greatest in all breeds at 4 months of age. Acetyl CoA carboxylase activity closely paralleled the lipogenic activity. The in vitro unstimulated lipolytic rate measured in tissue slices by the release of fatty acids to the incubation medium was similar for all breeds and decreased with age. Lipogenesis appears to be more important than unstimulated lipolysis in regulating backfat thickness in the breeds of swine examined.
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Introdution
Intramuscular deposition of lipid in a pork carcass is important for organoleptic appeal (Kauffman et al., 1964) , but excessive deposition of fat, particularly extramuscular, detracts from the yield of lean mass. In swine, the synthesis of adipose tissue triglyceride, the major constituent of depot fat, proceeds from fatty acids synthesized de novo in that tissue (O'Hea and Leveille, 1969) or from fatty acids obtained from circulating triglycerides via adipose tissue lipoprotein lipase activity (Lee and Kauffman, 1974; Steffen et al., 1978) . It should be noted that the ultimate level of adipose tissue accrued will also depend on the concurrent rate of the lipolytic or degradation process.
The use of swine as a model for obesity research has recently been reviewed (Houpt et al., 1979) . Of particular interest is a group of animals genetically selected over many generations for maximal or minimal backfat thickness (Hetzer and Harvey, 1967) . After 16 generations of selection in both a purebred Duroc line and a purebred Yorkshire line, the obese pigs had over 60% more backfat and the lean pigs more than 25% less backfat than pigs in the unselected lines.
The metabolic alterations that occur in these animals have not been extensively documented. A higher in vitro lipogenic rate has been reported in obese Duroc animals than-in lean Duroc animals measured at a constant age (Steele et al., 1974) . However, rates measured at equal weight yielded no differences, suggesting a differential time course for the development of lipogenic activities in these selected lines. Steele and Frobish (1976) 
Materials and Methods
The obese and lean animals used in this study were females from inter se matings of crossbreds produced by within-line matings of purebred Duroc and Yorkshire animals selected for either maximal or minimal backfat thickness (Hetzer and Harvey, 1967; Miller, 1972a,b, 1973) . Contemporary pigs used were females from reciprocal crosses of Duroc and Large White purebred animals. There were six pigs from each line and all pigs were housed individually in .9 x 2.4 m pens in an enclosed building. A 16% crude protein diet based on corn and soybean meal (table 1) was fed ad libitum throughout the study. Body weight and feed intake were determined biweekly after the first biopsy.
Adipose tissue samples (middle subcutaneous backfat layer) from nonfasted animals were obtained from the shoulder area 5 cm lateral to the dorsal midline in the region of the fifth to seventh cervical vertebrae. Sampling was done at 28-day intervals beginning at 3 months of age and continuing through 6 months. A biopsy gun with extended bore (Schied et al., 1970) was used to obtain the sample. The region was disinfected with surgical soap (Setadine) before sampling, and the wound was topically medicated with nitrofurazan and temporarily covered with a sterile bandage. Each animal received 9 million units of penicillin and 9 mg dehydrostreptomycin IM after each biopsy. Depending on the degree of fatness, each biopsy sample provided 1 to 5 g of adipose tissue. No more than two samples were obtained from any animal at a given age. Samples were placed in .9% NaC1 held at 37 C for transport to the laboratory.
Tissue slices (.5 mm thick) were prepared for in vitro lipogenesis with a Stadie-Riggs hand microtome. Incubations were prepared in triplicate. Each incubation vessel (25-ml Erlenmeyer flask) contained tissues slices weighing 50 to 100 mg plus 3 ml of Ca2+-free Krebs-Ringer bicarbonate solution (pH 7.35 to 7.45), 10 mM glucose, 1 #Ci of U-14C-glucose and .3 units of insulin. The incubation vessel was gassed with an atmosphere of 95% 02:5% CO2, stoppered and incubated for 2 hr at 37 C while shaking at 6Model TCM-1, Tekmar Co., Cincinnati, OH 45222.
7Fisher Scientific Co., Fair Lawn, NJ 07410.
90 oscillations/min. Reactions were stopped by the injection of .5 ml 1 N H2SO4 through the rubber stopper. The entire contents of the incubation flask was homogenized, and lipids were extracted as described by Hood et al. (1972) , except that homogenizations were performed with a Tekmar Tissumizer 6 and Scinti Verse 7 was used as the scintillation cocktail.
The activity of acetyl Co)k carboxylase (EC 6.4.1.2) was determined on a centrifugally derived supernatant fraction as described by Chang et al. (1967) , except that Scinti Verse 7 was used for determining the radioactivity of the acid-stable product. A homogenate was prepared with, for example, 1 g adipose tissue plus 4 ml of ice-cold buffer (pH 7.4, .3M sucrose, 23 mM Trizma-HCl, 6.8 mM Trizma base, 1 mM reduced glutathione and 1 mM ethylenediamine-tetra acetate) with a Tekmar Tissumizer 6 held at top speed for 60 sec at 4 C. The homogenate was centrifuged for 10 min at 1,000 x g, and, after passing through glass wool, the supernatant fraction was centrifuged at 50,000 • g for 60 min at 4 C. Enzyme activity resulting in the supernatant fraction was assayed in triplicate.
The unstimulated rate of in vitro lipolysis was measured essentially as previously described (Mersmann et al., 1976) and was expressed as the amount of free fatty acids liberated into the incubation buffer. Duplicate incubation flasks contained 75 mg of tissue slices (.5 mm thick) prepared with a StadieRiggs hand microtome. The Krebs-Ringer bicarbonate buffer contained 3% bovine serum albumin (fatty acid poor, fraction V) s, 11.1 mM glucose and .57 mM ascorbic acid. The flask was gassed and incubated as indicated for the measurement of lipogenesis. The reactions were terminated by placing the incubation vessel in an ice-water bath. The tissue was removed from the medium, which was then stored at -20 C until assayed for free fatty acids. Free fatty acids liberated from the tissue into the incubation media were determined by the titrametrie method of Ko and Royer (1966) . Adipocyte number and volume distributions were estimated in triplicate after osmium tetroxide fixation by the method of Hirsch and Gallian (1968) as modified by Etherton et al. (1977) . Data were obtained with a Coulter Counter 9 equipped with a 400-/~m aperture. Data were statistically analyzed by the mixed-model, least-squares analysis of variance (Harvey, 1976 ). The statistical model included breed and age as well as the two-way interaction.
Results and Discussion
The genetically selected lean and obese lines both gained more slowly and had poorer feed efficiencies than the contemporary line (table 2). The obese animals had the lowest and the contemporary animals the highest gain to feed ratio. The overall average daily gains for the obese and lean lines were not dissimilar to those reported for the parental lines; i.e., for the Duroc and Yorkshire obese animals, 660 and 583 g, respectively, and for the Duroc and Yorkshire lean animals, 679 and 552 g, respectively (Hetzer and Miller, 1972a) . (The contemporary group had unexplained poor growth and feed efficiency during the 5-to 6-month period ~ Sigma Chemical Co., St. Louis, MO 63178. 'Model ZBI coupled with a logarithmic range expander and a Channelyzer, Coulter Electronics, Inc., Hialeah, FL 33010. in this experiment, as did some members of the lean group.) Obese pigs had twice as much backfat thickness as the lean or contemporary pigs at about 3.5, 4.5 and 6 months of age (Pond et al., 1980; H. J. Mersmann and R. A. Scott, unpublished observations). These observations are similar to those reported previously for the purebred parental strains from which the current lines were derived (Hetzer and Harvey, 1967; Hetzer and Miller, 1972b) .
The effects of breed and age of swine on adipocyte numbers and size are presented in table 3. At any given age, the obese animals had larger adipocytes and, consequently, fewer cells per gram of subcutaneous adipose tissue than did the lean animals. The contemporary pigs had adipocytes intermediate in size and number to those of the other two groups, although the differences were not always statistically significant. Similar findings were reported by Steele et al. (1974) for the Duroc parental line. Within a breed, cell numbers were highest at 3 months of age and tended to decline with increasing animal age, at least partially because of an increase in adipocyte size.
The pattern for in vitro rate of lipogenesis at each age, as measured by glucose incorporation into the total lipids fraction, tended (P>.05) to be obese>contemporary>lean (table 4). The rate was higher (P<.05) in obese than in lean animals at 6 months of age. These results are similar to those reported by Steele et al. (1974) for swine about 3 months of age from one of the parental strains (Duroc) used to derive the present obese and lean animals. f'g'hMeans +-SEM within a breed with different superscripts differ (P<.05).
However, unlike the present report, the earlier study indicated equal lipogenic activity in the obese and lean pigs at about 6 months of age. Within a given breed, the most active rate of lipogenesis occurred at 4 months of age. Lesser rates were observed at younger and older ages, although not all were significantly different from the 4-month values. Acetyl-CoA-carboxylase catalyzes the first committed step in the fatty acid biosynthetic process. There is considerable evidence that this enzyme has a key role in the regulation of fatty acid biosynthesis in animal tissues and may catalyze the rate-limiting step in the pathway (Numa et al., 1970) . The pattern of acetyl-CoA-carboxylase activity in swine adipose tissue (table 5) paralleled that indicated by the in vitro incorporation of glucose into total lipids (table 4). At some time periods, the differences between breeds in enzyme activity were more marked than the differences in glucose flux activity. At all ages, enzyme activity was three or more times greater in obese than in lean pigs, with contemporary activities intermediate (P>.05 in some cases). Hood and Allen (1973) reported higher activities of this and several other lipogenic enzymes in both subcutaneous and perirenal adipose tissue obtained from fat pigs (Minnesota 3 x 1) than in tissue obtained from lean pigs (Hampshire x Yorkshire). Steele and Frobish (1976) found that obese Durocs maintained greater specific activities of several enzymes associated with lipogenesis than did lean Durocs. As for glucose incorporation into lipids, the activity of acetyl-CoA-carboxylase for both the obese and contemporary pigs was at a maximum at 4 months of age and declined thereafter. The activity in lean pigs apparently remained elevated (P<.05) at 5 months of age. Anderson and Kauffman (1973) found that acetyl-CoA-carboxylase activity increased up to 5 months of age in adipose tissue from Chester White pigs; the activity declined at 6 months of age.
Several reports indicate a plateau in carbon flux and lipogenic enzyme activities in swine adipose tissue followed by a decline in activities with increased animal age (Allee et al., 1971; Anderson and Kauffman, 1973; Mersmann et al., 1973) . When expressed on a cell basis, such a plateau and subsequent decrease in rates appear to represent attainment of maximal metabolic capability followed by an unexplained decline in metabolic capacity. It is expected that the precise chronology of this maturation process will depend on the genetic input, i.e., the specific breed studied; the adipose tissue depot studied, i.e., the exact anatomical site sampled, and possibly the metabolic activity assessed.
In addition to absorption of fatty acids from the blood and the process of de novo fatty acid synthesis, another potential cellular mechanism for control of net fat deposition in adipose tissue is lipolysis or the mobilization of fatty acids. The role of lipolysis in the regulation of fat deposition in swine is not clear, as one report indicates no difference in lipolytic rate between fat and lean animals (Weisenberg and Allen, 1973) , whereas two others indicate a lower lipolytic rate in fat than in lean swine (Standal et al., 1973; Wood et al., 1977) . The unstimulated rate of in vitro lipolysis, as measured by free fatty acid release into the incubation medium (table 6), was similar for all three lines. (The low rate in the contemporary animals at 5 months of age cannot be explained.) Within a given group, unstimulated lipolytic activity was greatest at 3 months of f'g'hMeans -+ SEM within a breed with different superscripts differ (P<.05).
age and tended to decline thereafter, a pattern similar to that reported for adipocytes from contemporary pigs (Mersmann et al., 1975 (Mersmann et al., , 1976 . The measurement of lipolysis by the release of fatty acid to the medium may be complicated by the reutilization of these same fatty acids for esterification into complex lipids. Thus, the measured rate of lipolysis could be underestimated. Indeed, the ratio of fatty acid to glycerol released by epinephine-stimulated swine adipose tissue declined with increased age (Mersmann et al., 1975) . Recently, direct evidence of increased esterification of palmitate in adipose tissue from older swine was presented (Etherton and Allen, 1980) . Although no direct or indirect assessment of reesterification rates was made in the current study, a portion of the age-related decrease in lipolytic rate might be attributed to increased esterification of fatty acids. However, previous measurement of the stimulated lipolytic rate by glycerol release to the medium also indicated a decline in the rate with age (Mersmann et al., 1975) .
The results of this study indicate that the obese pigs had a higher rate of lipogenesis and concomitantly a higher activity of acetyl-CoAcarboxylase than the lean pigs. At the same time, the unstimulated lipolytic rates of breed types studies were not different. Therefore, it appears that lipogenesis is more important than unstimulated lipolysis in regulating backfat thickness in the lines of swine examined.
